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ABSTRACT

This project focuses on using computational methods to predict the biological activity of
compounds, with the ultimate goal of aiding in drug discovery. The dataset used in this
study was extracted and pre-processed from the ChEMBL database, comprising

compounds that have undergone biological testing against specific target organisms or

proteins.

The project utilizes SMILES notation to compute Lipinski's descriptors, which are key
indicators of a compound's drug-likeness. Exploratory data analysis (EDA) techniques,
including box plots and scatter plots, are employed to understand the relationship

between molecular descriptors and biological activity.

Molecular descriptors are computed using the PADEL-Descriptor software, and
supervised machine learning algorithms are used to build regression models. These

models are compared to identify the most effective one for predicting compound activity.

The project culminates in the deployment of the selected regression model as a web
application. This application serves as a bioinformatics tool, enabling users to predict the
biological activity of compounds against target proteins. Overall, this project showcases
the utility of computational methods in streamlining the drug discovery process and

facilitating more informed decision-making in drug development.



CHAPTER — 1 INTRODUCTION

The project focuses on leveraging computational methods for drug discovery,
specifically in predicting the biological activity of compounds. The dataset used in this
project is derived from the ChEMBL database, containing compounds that have

undergone biological testing for their activity against specific target organisms or
proteins.

By utilizing SMILES notation, the project computes Lipinski's descriptors, which are
widely used in drug design to assess the drug-likeness of compounds. These
descriptors provide crucial insights into the physicochemical properties of compounds,

aiding in the prediction of their biological activity.

Through exploratory data analysis (EDA), the project aims to gain a deeper
understanding of the relationship between molecular descriptors and biological activity.

This analysis is crucial for identifying patterns and trends in the data, which can inform

the development of predictive models.

The project further employs the PADEL-Descriptor software to compute molecular
descriptors and utilizes supervised machine learning algorithms to build regression
models. These models are then compared to select the most effective one for predicting

compound activity.

Ultimately, the project aims to deploy the selected regression model as a web
application. This application will serve as a bioinformatics tool, providing users with the

ability to predict the biological activity of compounds against target proteins. This tool
has the potential to significantly accelerate the drug discovery process, enabling
researchers to make informed decisions about which compounds to pursue for further

testing and development.
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CHAPTER - 2 LITERATURE SURVEY

The literature survey provides a comprehensive overview of the key concepts and
methodologies relevant to the project's objectives in using computational methods for
drug discovery. It highlights the significance of computational approaches in

accelerating drug discovery processes by leveraging techniques such as molecular

modeling, virtual screening, and QSAR modeling.

The survey emphasizes the importance of the ChEMBL database as a valuable
resource for extracting biological activity data, which is essential for training predictive
models. It also underscores the significance of molecular descriptors, such as those

computed using SMILES notation, in representing chemical structures and predicting
compound activity.

Furthermore, the survey discusses the relevance of supervised machine learning
algorithms in regression modeling for predicting compound activity. It outlines the
different algorithms that can be used and their respective strengths and limitations,

providing a framework for selecting the most appropriate algorithm for the project.

Additionally, the survey covers web application development, highlighting the
importance of user-friendly interfaces for scientific applications. It discusses the
technologies and best practices involved in creating web applications, which are crucial

for deploying the predictive models developed in the project.

Overall, the literature survey serves as a foundation for the project, providing a
theoretical framework and guiding principles for the implementation of computational
methods in drug discovery. It sets the stage for the project's methodology and
underscores the importance of continued research and development in this field.




CHAPTER - 3 AIM AND SCOPE OF PRESENT INVESTIGATION

Extracting and pre-processing biological activity data from the ChEMBL database.
Using SMILES notation to compute Lipinski's descriptors, which are key indicators ofa
compound's drug-likeness.

Performing exploratory data analysis (EDA) to understand the relationship between

molecular descriptors and biological activity.

Computing molecular descriptors using the PADEL-Descriptor software.

Building and comparing several regression models using supervised machine learning
algorithms.

Deploying the most effective regression model as a web application, which will serve as

a bioinformatics tool for predicting compound activity against target proteins.

The investigation aims to provide valuable insights into the use of computational
methods in drug discovery, ultimately facilitating more efficient and informed decision-

making in the field.
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CHAPTER — 4 EXPERIMENTAL OR MATERIAL AND METHODS ;
ALGORITHMS USED

e SMILES Notation: Used to represent chemical structures.
e LIPINSKI'S DESCRIPTOR: Computed using the SMILES notation.
« PADEL-DESCRIPTOR SOFTWARE: Utilized for computing molecular

descriptors.
ALGORITHM USED:

« Supervised Machine Learning Algorithm: Random forest algorithm Used for

building regression model.
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CHAPTER —= 5 RESULTS AND DISCUSSION,PERFORMANCE ANALYSIS

INTERPRETATION OF MODEL PREDICTIONS

The model predictions provide valuable insights into the potential biological activity of

compounds.

High predicted activity suggests that a compound may be a promising candidate for

further testing in drug discovery.

Low predicted activity indicates that a compound may have limited potential for

biological activity.
RELEVANCE TO DRUG DISCOVERY

The predictions can assist researchers in prioritizing compounds for experimental

testing, saving time and resources.

The models can help identify compounds with the highest likelihood of exhibiting

favorable biological activity, aiding in the early stages of drug discovery.

COMPARISON WITH EXPERIMENTAL DATA

Comparing the predicted biological activity with experimental data helps validate the

models' accuracy.

A high degree of correlation between predicted and experimental data indicates that the

models are effective in predicting compound activity.

MODEL PERFORMANCE

The performance of the regression models can be assessed using metrics such as R-

s
Quared, mean squared error, and accuracy.

A higher R-squared value indicates a better fit of the model to the data, while a lower

m . -
©an squared error indicates betler prediction accuracy.
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CHAPTER - 6 SUMMARY AND CONCLUSIONS

SUMMARY OF FINDINGS

The project aimed to leverage computational methods to predict the biological activity of
compounds, with a focus on aiding in drug discovery. The methodology involved
extracting and pre-processing biological activity data from the ChEMBL database,
computing molecular descriptors using SMILES notation, performing exploratory data
analysis, building regression models, and deploying a web application for predicting
compound activity. The results showed that the regression models were effective in
predicting compound activity, with high accuracy and reliability. The web application

was user-friendly and provided valuable insights for researchers in drug discovery.

CONCLUSION

The main findings of the project highlight the accuracy and reliability of the regression
models in predicting compound activity, as well as the usability of the web application.
These findings are significant in the context of drug discovery, as they provide
researchers with valuable tools for prioritizing compounds for further testing, ultimately

accelerating the drug discovery process.

Moving forward, it is crucial to continue research and development in computational
drug discovery to further enhance the accuracy and efficiency of predictive models.
Continued advancements in this field will lead to improved drug discovery processes,

ultimately benefiting patients and healthcare systems worldwide.




MODELLING BIOLOGICAL NETWORKS:METHODS AND
APPLICATIONS

INTRODUCTION

"Modeling Biological Networks: Methods and Applications" explores the intricate world

of biological networks, which play crucial roles in understanding complex biological
systems. These networks, comprising interactions between genes, proteins,

metabolites, and other biomolecules, are essential for maintaining cellular functions and
orchestrating responses to external stimuli.

This book provides a comprehensive overview of various modeling approaches used to
study biological networks, including graph theory, differential equations, Boolean
networks, and machine learning. Through these methods, researchers can gain insights
into the dynamics, structure, and behavior of biological systems, aiding in the
identification of key regulatory mechanisms and potential drug targets.

The applications of biological network modeling are vast, ranging from understanding
disease mechanisms to predicting drug responses and designing synthetic biological
systems. This book serves as a valuable resource for students, researchers, and
professionals in the fields of bicinformatics, systems biology, and computational biology,

offering a deep dive into the fascinating world of biological networks.

METHODS :
NETWORK CONSTRUCTION:

* Experimental Data; Use experimental techniques (e.g., microarrays, RNA-
seq) to generate data on molecular interactions.

* Computational Inference: Use computational algorithms to predict
interactions based on various data types (e.g., sequence homology,

protein-protein interactions).



NETWORK REPRESENTATION:

« Graph Theory: Represent biological networks as graphs, where nodes represent

biological entities (e.g., genes, proteins) and edges represent interactions.

o Mathematical Modeling: Use mathematical models (e.g., differential equations) to
describe the dynamics of biological processes in the network.

NETWORK ANALYSIS:

* Topology Analysis: Study the network's structure (e.g., degree distribution,

clustering coefficient) to understand its organization.

» Dynamic Modeling: Simulate the network's behavior over time to predict its

response to different stimuli or perturbations.

NETWORK INTEGRATION:

* Data Integration: Integrate multiple types of data (e.g., gene expression, protein-

protein interactions) to build comprehensive networks.

* Multi-scale Modeling: Integrate networks at different biological scales (e.g., gene

regulatory networks, metabolic networks) to understand system-level behavior.
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APPLICATIONS
GENE REGULATORY NETWORKS

« Model the interactions between genes and their regulators to understand gene

expression patterns and regulatory mechanisms.
PROTEIN — PROTEIN INTERACTION NETWORKS:

« Study the interactions between proteins to identify protein complexes, signaling

pathways, and functional modules.

METABOLIC NETWORKS:

e Model the biochemical reactions within a cell to understand metabolic pathways,

nutrient processing, and disease mechanisms.
DISEASE NETWORKS:

» Model the interactions between genes, proteins, and other molecules involved in

disease processes to identify potential drug targets and biomarkers.
EVOLUTIONARY NETWORKS:

* Study the evolution of biological networks to understand how interactions have

evolved over time and how they contribute to species diversity.
DRUG TARGET IDENTIFICATION:

* Use network-based approaches to identify potential drug targets by targeting key

nodes or edges in disease networks.
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Modeling Biological Networks:
Methods and Applications

Introduction:

"Modeling Biological Networks: Methods and Applications” explores the
intricate world of biological networks, which play crucial roles in
understanding complex biological systems. These networks, comprising
interactions between genes, proteins, metabolites, and other biomolecules, are
essential for maintaining cellular functions and orchestrating responses to

external stimuli.

This book provides a comprehensive overview of various modeling
approaches used to study biological networks, including graph theory,
differential equations, Boolean networks, and machine learning. Through
these methods, researchers can gain insights into the dynamics, structure, and
behavior of biological systems, aiding in the identification of key regulatory

mechanisms and potential drug targets.

The applications of biological network modeling are vast, ranging from
understanding disease mechanisms to predicting drug responses and
designing synthetic biological systems. This book serves as a valuable
resource for students, researchers, and professionals in the fields of
bioinformatics, systems biology, and computational biclogy, offering a deep

dive into the fascinating world of biological networks.




Methods :
Network Construction:
0 Experimental Data: Use experimental techniques (e.g., microarrays,

RNA-seq) to generate data on molecular interactions.

0 Computational Inference: Use computational algorithms to predict

interactions based on various data types (e.g., sequence homology,

protein-protein interactions).

Network Representation:
0 Graph Theory: Represent biological networks as graphs, where nodes

represent biological entities (e.g., genes, proteins) and edges represent
interactions.

0 Mathematical Modeling: Use mathematical models (e.g., differential

equations) to describe the dynamics of biological processes in the

network.

Network Analysis:
0 Topology Analysis: Study the network’s structure (e.g., degree

distribution, clustering coefficient) to understand its organization.
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0 Dynamic Modeling: Simulate the network's behavior over time to

predict its response to different stimuli or perturbations.

Network Integration: :
0 DataIntegration: Integrate multiple types of data (e.g,, gene expression,
protein-protein interactions) to build comprehensive networks.

0 Multi-scale Modeling: Integrate networks at different biological scales

(e.g. gene regulatory networks, metabolic networks) to understand

system-level behavior.
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0 Model the interactions between genes and their regulators to
understand gene expression patterns and regulatory mechanisms.
protein-Protein Interaction Networks:
0 Study the interactions between proteins to identify protein complexes,

signaling pathways, and functional modules.

Metabolic Networks:
0 Model the biochemical reactions within a cell to understand metabolic
pathways, nutrient processing, and disease mechanisms.
Disease Networks:

0 Model the interactions between genes, proteins, and other molecules

involved in disease processes to identify potential drug targets and

biomarkers.
Evolutionary Networks:

0 Study the evolution of biological networks to understand how

interactions have evolved over time and how they contribute to species

diversity.

Drug Target Identification:
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1. APP BUILDING ONRAMP

|NTRODUCTION

"App Building ONRAMP" likely refers to an educational program or course focused on

optimilati‘)" techniques. Optimization is a branch of mathematics and computer science that deals
with finding the best solution to a problem from a set of possible solutions. This could involve
maximizing or minimizing an objective function while satisfying certain constraints. The term
"ONRAMP" suggests that it's an introductory or beginner-level program aimed at helping
individuals learn the basics of optimization methods and algorithms. It could cover topics such as

linear programming, nonlinear optimization, convex optimization, and heuristic optimization
techniques.

WHAT WE LEARNT

1. Basic syntax and programming constructs in MATLAB, including variables, data types,
operators, and control flow statements (if-else, loops).

2. Writing modular and reusable code using functions and scripts.

3. Vectorization techniques for optimizing code performance and efficiency.

4. Debugging and error handling strategies to identify and fix issues in MATLAB code.
3.MATLAB programming best practices, including code readability, documentation, and naming
Conventjons,

DURATION:3h s

GRADE: 1009,

2. SIGNAL PROCESSING WITH MATLAB

h ignal ProCeSsjn
Pri

- g with MATLAB" is a course or educational resource focused on teaching signal
LCSSIng leChni

ques using the MATLAB software. Signal processing involves analyzing,

e Interpreting signals, which could be audio, video, or any other type of data that




o lime or space. MATLAB provides a rich set of functions and toolboxes specifically

varies OV

o for signal processing tasks, making it a popular choice for engineers, researchers, and
dC-\'lgl : . P .

fents working in this field. This course likely covers topics such as filtering, spectral analysis.
stu :

o frequency analysis, and digital signal processing algorithms, all implemented using
fime-

MATLAB.

| Basics of signal representation and analysis, including continuous-time and discrete-time

signals.
7. Time-domain and freque
Fourier Transform (DFT), and Fast Fourier Transform (FFT).

3. Filtering operations, including design and implementation of digital filters such as low-pass,

ncy-domain analysis techniques, such as Fourier Transform, Discrete

high-pass, band-pass, and band-stop filters.
4. Convolution and correlation operations for signal processing tasks.
5. Windowing techniques for signal analysis and spectral estimation.

6. Spectral analysis methods, including periodogram, power spectral density (PSD), and

spectrogram.
7. Introduction to adaptive filtering techniques for applications such as noise cancellation and

system identification.

8. Practical implementation of signal processing algorithms using MATLAB's Signal Processing
Toolbox.

9. Hands-on projects and exercises to apply signal processing techniques to real-world signal
datasets and problems.

DURATION: 7.5hrs

GRADE: 1099

3. IMAGE PROCESSING WITH MATLAB

[N'I‘R()DUCTION
"Image p .
rocessing with MATLAB" is a course or a set of resources designed to teach image

prQCCSSin
) techn: ; . .
& techniques using the MATLAB software. MATLAB is a programming environment

1



and language commonly used in engineering and scientific ficlds, including image processing.
This course likely covers topics such as image enhancement, filtering, segmentation, feature
extraction, and object recognition, all using MATLAB's built-in functions and toolboxes. It's a
pmctical way to learn how to apply image processing algorithms using MATLAB's powerful tools.

WHAT WE LEARNT

|. Basic image representation and manipulation techniques, including loading, displaying, and

saving images.

2. Image enhancement methods such as contrast adjustment, histogram equalization, and noise

reduction.

3. Spatial domain filtering techniques for smoothing and sharpening images using various filter
kernels.

4. Frequency domain analysis using Fourier Transform for image filtering and analysis.

5. Edge detection algorithms like Sobel, Prewitt, and Canny for detecting edges in images.

6. Image segmentation techniques for partitioning images into meaningful regions.

7. Morphological operations such as dilation, erosion, opening, and closing for shape analysis and
feature extraction.

8. Feature extraction methods for extracting relevant information from images, such as texture
analysis and object recognition.

9. Introduction to advanced topics such as image registration, image stitching, and image
restoration.

10. Practical implementation of image processing algorithms using MATLAB's Image Processing

Toolbox.

11. Hands-on projects and exercises to apply image processing techniques to real-world image
datasets and problems.

DURATION : 11hrs

GRADE: 100,
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MATLAB PROGRAMMING TECHNIQUES

INTRODUCTION

"MATLAB Programming Techniques

cfficient and effective MATLAB code. This could include topics such as: 1. Syntax and language
s: Understanding MATLAB syntax, data types, and built-in functions. 2. Vectorization:

features:
veraging MATLAB's ability to perform operations on entire arrays instead of individual

" refers to strategies, methods, and best practices for writing

Le

elements for faste
usage and optimizes memory access patterns. 4. Code organization: Structuring MATLAB code

r execution. 3. Memory management: Writing code that minimizes memory

into functions, scripts, and classes for better readability and maintainability. 5. Debugging and
error handling: Techniques for identifying and fixing errors in MATLAB code, as well as handling
exceptions gracefully. 6. Performance optimization: Strategies for improving the performance of
MATLAB code, such as preallocation, avoiding unnecessary computations, and using efficient
algorithms. 7. MATLAB toolboxes: Utilizing built-in MATLAB toolboxes and libraries to
streamline development and leverage specialized functionality. These techniques help MATLAB
programmers write code that is not only correct but also efficient, scalable, and easy to maintain
WHAT WE LEARNT
I Basic syntax and programming constructs in MATLAB, including variables, data types,
Operators, and control flow statements (if-else, loops).
j \V/v;t;“jz::)dular an.d reusable code using functions and scripts. B

chuggm ion techniques for optimizing code performance and efficiency.

g and error handling strategies to identify and fix issues in MATLAB code.

w:f;:i‘iB Programming best practices, including code readability, documentation, and naming

Advamed data structures such as cell arrays, structures, and tables for organizing and

T.Fi
e l/q ¢
fifeg). Perations for reading and writing data to files in various formats (e.g., text files, Excel
5 Op;
. JeCt-oriente
’“herilanc nted p rogramming (OOP) concepts in MATLAB, including classes, objects,

c$
4nd polymorphism,

R
[
i




e

MATI AB's built-in libraries and toolboxes for specialized tasks such as signal processing
0, M/ i |
image processing. and optimization.

mé [ ‘ ! |

. - and optimization techniques for improving code performance and efficiency.

1. Version control and collaborative coding practices using MATLAB's integration with Git and

GitHub.
DURATION: 16hrs

GRADE: 100%

5. MATLAB FOR DATA PROCESSING AND VISUALISATION

INTRODUCTION
"MATLAB for Data Processing and Visualization" refers to using MATLAB, a powerful

programming language and environment, for tasks related to handling and visualizing data. In this
context, MATLAB provides a wide range of tools and functions for processing, analyzing, and
visualizing data in various formats, including numerical data, time series, images, and more. Users
can leverage MATLAB's built-in functions for data manipulation, statistical analysis, filtering,
interpolation, and other preprocessing tasks. Additionally, MATLAB offers sophisticated plotting
and visualization capabilities, allowing users to create high-quality plots, charts, and interactive
visualizations to explore and present their data effectively. Overall, MATLAB is a versatile tool
for data scientists, engineers, and researchers to perform data processing and visualization tasks
efficiently,

WHAT WE LEARNT

I Data imponing and exporting techniques to read data from various file formats such as CSV,

Excel, ang text files.

2. Data clegn:
eaning and preprocessing methods including handling missing data, removing outliers,

and ﬁltering noisy data,

an i { - ! | | -
dld’ SCIS.

1‘ .

analysis including calculating descriptive statistics, performing hypothesis

»and figg;
fitting Probability distributions.




lization techniques for exploring and presenting data, including plotting histograms,
yisuallZ

Jlots. line plots. and bar graphs.

I e

seatter . . . .
e ~ing plots and adding annotations to enhance data visualization.
omizZing

Cust ' ‘
) tive data exploration using MATLARB's graphical user interface (GUI) tools.

7. Interac
§. Advan

geographic mapping.
g alizations for publication or presentation purposes

ced data visualization techniques such as 3D plotting, heatmap visualization, and

9, Exporting visu
DURATION: 8 hrs
GRADE: 100%

6. MACHINE LEARNING WITH MATLAB

INTRODUCTION
"Machine Learning with MATLAB" is a comprehensive approach to mastering the principles and

applications of machine learning using MATLAB, a powerful programming language and
environment. In this introduction, you'll explore how MATLAB provides a versatile platform for
implementing various machine learning algorithms, from classical techniques to cutting-edge deep
learning models. Throughout your journey, you'll learn how to preprocess data, build and train
models, evaluate performance, and deploy solutions, all within the MATLAB environment.
Whether you're a beginner or an experienced practitioner, this course offers valuable insights and
Practical skills to excel in the rapidly evolving field of machine learning.

WHAT WE LEARNT

! Introduction to MATLAB's machine learning capabilities and toolboxes.

2. Datg
re : . . . . . .
rod Preprocessing techniques such as normalization, feature extraction, and dimensionality
Uction,

3. Super:
Supervised learning ga]

— gorithms including regression (linear regression, support vector
%810n) and ¢lagsif;

4. Un cation (k-nearest neighbors, decision trees, ensemble methods).

*UPervised learnip

d’mensionalit
"mbedding)_

g algorithms like clustering (k-means clustering, hierarchical clustering)

Y reduction (principal component analysis, t-distributed stochastic neighbor

I



Juation metrics and techniques for assessing model performance.
g l-'\';] AR
" ~ - ~ ~ s 1 ¥ - ¢ > o H . M 4 .
p learning fundamentals, including neural network architectures and training strategies.

6. Dee ) i )
practical skills for implementing machine learning and deep learning algorithms using
ractice =

7
IATLAB'S built-in functions and toolboxes, as well as handling large datasets efficiently.
MATL

DURATION: 12hrs
GRADE: 100%

7. IMAGE PROCESSING ONRAMP

INTRODUCTION
IMAGE PROCESSING ONRAMP is likely an introductory course or learning program focused

on image processing. It could be offered by a university, online platform, or company to help
individuals gain foundational knowledge and skills in image processing techniques, such as
filtering, segmentation, feature extraction, and object recognition.

WHAT WE LEARNT

I. Fundamentals of digital image representation, including grayscale and color images.

2. Basic image processing operations such as image resizing, cropping, and rotation.

3. Image enhancement techniques including contrast adjustment, histogram equalization. and

noise reduction,

4. Spatial domain filtering methods such as smoothing and sharpening filters.
5.F . . . . . . -
féquency domain techniques like Fourier Transform for image analysis and filtering.

6. Fd : . . .
g¢ detection algorithmg such as Sobel, Prewitt, and Canny for detecting edges in images.

7. Image « .
8¢ segmentation methods for partitioning an image into meaningful regions.

8. Featy
re ; . ] - S e
51 EXtraction techniques for extracting relevant information from images.

- Mrody et
0 . . . .
N to computer visjon concepts and applications.

10, Practi
Clic - . ) . ) . . N
al skills for Implementing image processing algorithms using MATLAB's Image

Proc@SSin 2

) Toolbox o libraries like OpenCV.

- Hang
S~on roieeto . . i . .
atagey Projects and cxcreises to apply image processing techniques to real-world image
Sand pr
ob]

€ms,




pURATION: ZHiE
CRA])E: ]00%

SOLVING NON-LINEAR EQUATIONS WITH MATLAB

Solving nonlinear equations with MATLAB involves using numerical methods to find
approximate solutions to equations that cannot be solved analytically. MATLAB provides several

built-in functions and tools for solving nonlinear equations, including: 1. fsolve: This function
finds a solution to a system of nonlinear equations. It requires an initial guess for the solution and
returns the solution that satisfies the equations. 2. fzero: This function finds a root of a single-
variable nonlinear function. It requires an initial guess for the root and returns the value of the root.
3. Nonlinear equation solvers in optimization toolboxes: MATLAB's optimization toolboxes
provide additional functions for solving nonlinear equations, including Isgnonlin for least squares
problems and Isqcurvefit for curve fitting. To solve a nonlinear equation in MATLAB, you
typically define the equation as a function or anonymous function, specify initial guesses for the
olution, and then use one of the above functions to find the solution. MATLAB's documentation
provides detailed information and examples for using these functions to solve nonlinear equations.
WHAT WE LEARNT

In a cour ” .
3¢ on solving nonlinear equations with MATLAB, you typically learn:

] Int i
~Itroduction ¢ :

e nonlinear equations and their importance in various fields such as engineering,
YSics, and economics

+ Differeny
meth . . . . ] . :
eWon g ods for solving nonlinear equations, including numerical methods like the
; “Raphson methog
| . Unders[andin

» the secant method, and the bisection method.

t e .
8 the Principles behind each method, including their convergence properties and

4.1

leememing these
 Hangyy,
leChﬂiqu

methods in MATLAB using built-in functions or custom scripts.
8 C()mplex

nonlj . I .
& nlinear systems of equations using iterative methods and numerical

. ‘VHIUaung the
accurge - . .
Y and efficiency of different solution methods for nonlinear equations.

[t
A
RSO P RS T R



s for dealing with singularities, multiple solutions, and other challenges that may arise
€5

7. Strateg )
in nonlinear equation solving.

Applications of nonlinear equation solving in practical problems, such as root-finding in
8. App ) )

. ation and parameter estimation tasks. Overall, the course aims to equip students with the
opllml

knowledge and skills necessary to effectively solve nonlinear equations using MATLAB, enabling
(NOV

them to tackle a wide range of mathematical and engineering problems.
DURATION: 3hrs

GRADE: 100%

9. DEEP LEARNING WITH MATLAB

INTRODUCTION:

"Deep Learning with MATLAB" refers to using MATLAB, a high-level programming language
and environment, to implement and experiment with deep learning algorithms and models.
MATLAB provides a comprehensive set of tools and functions for deep learning, including
prebuilt neural network architectures, optimization algorithms, and visualization tools. With
MATLAB, users can easily preprocess data, design and train deep neural networks, fine-tune
models, and deploy them for various applications such as image classification, object detection,
i fecognition, and more. The integration of deep learning capabilities within MATLAB

makes it 4 )
eany convenient and powerful platform for both beginners and experts in the field of deep
ing.

WHAT WE LgARNT
]. lntroducﬁon

to . . . ..
f“"Ctions deep learning concepts, including neural networks, layers, and activation

’ uildinga
nd train;
3 C°nv01m- aining neural networks using MATLAB's Deep Learning Toolbox.
lona]

Ne . e . .
sc&'mem : ural Networks (CNNs) for image classification, object detection, and
atl()n

tagks.

: €ura|

dng, al Ne . - .
Buage Proces: tworks (RNNs) for sequence modeling and prediction, such as in natural
» Slng

T or i : .
Nsfer |, time series analysis.

echnj . .
Niques for fine-tunin g pre-trained models on new datasets.

|

§

§
e ~mﬂ.ﬁ%;;f:g§@%i¥ﬁﬂﬁmmg



- ation algorithms and techniques for training deep learning models efficiently
1MIZ .

7. Hyp®
8' [)ep]O

cpvironments. . .
practical projects and exercises to apply deep learning concepts to real-world datasets and
9. Pra

meter tuning and model evaluation strategjes.
rpara

yment considerations, including exporting trained models for inference in production

pr0b|5m5~
DURATION: 7hrs

GRADE: 100%
10. STATISTICS ONRAMP

INTRODUCTION

"Statistics Onramp" likely refers to a structured learning path or course designed to introduce
individuals to the fundamentals of statistics. This onramp may cover essential statistical concepts

such as descriptive statistics, probability theory, hypothesis testing, confidence intervals,

regression analysis, and ANOVA (analysis of variance). Additionally, it might include hands-on

exercises and projects to help learners understand how to apply statistical methods to analyze data,

make | P ; . . L.
ke informed decisions, and draw meaningful conclusions. Whether you're new to statistics or

looking to refresh your knowled ge, a Sta
“nderstanding ang working with data.
WHAT WE LEARNT

1. Fundamental cong
Mediay

tistics Onramp can provide a solid foundation for

€pts of descriptive statistics, including measures of central tendency (mean,

» Mod LRI
2 Propes. ©)and Variability (range, variance, standard deviation).
: robabllity theory

lstribution, binomiaj d
3. Infere

including basic probability rules and distributions such as the normal

ntial istribution, and Poisson distribution.
1al statjgti . )
'“Cluding h tics techniques for making inferences about populations based on sample data,

Merstang; sting and confidence intervals.
Ing and .
Qreg; Merpreting p

n -Values and confidence intervals in statistical analysis.
Analysig, including S

imple linear regression and multiple regression, for modeling
e .
ten Variableg,




‘variance (ANOVA) for comparing means across multiple groups,
sis of vararntt
VSIS 0

o, Anal ts of experimental design and statistical power.
concepls )

7 Basic

| skills for performing statistical analysis using sofiware suchasR, p
ok

i ython with libraries
. practica

py and SciPy, or statistical software packages like SPSS or SAS.
jike Numby

ds-on projects and exercises to apply statistical concepts to real-world datasets and
9. Hands-

problems.
DURATION: 1.5hrs

GRADE: 100%
11.  WIRELESS COMMUNICATION ONRAMP

INTRODUCTION

"Wireless Communication ONRAMP" sounds like a specialized learning program or course

designed to introduce individuals to the

This could include topics such as radio frequency (RF) communication, modulation techniques,

multiple access schemes, channe] coding,

and wireless networking protocols. The term
ONRAMP" Suggests that it's an entry-level

or introductory program, aimed at providing a
foundationa] understanding of wireless com

munication concepts. It could be offered by
educationg] institution

S, online platforms, or co

. mpanies as a means for individuals to gain essential
OWledge i, this fielq.

BAT WE LEARNT

I ]nt . .

2. Hor‘:),dl:ﬁte'on to Wireless communication onramp

commumcyat.are Simulate a basic digital communication link .-anatomy of digital

3. imy] ',0',1 System and modulation and demodulation

- My .3 a digita) filters

S. ODFHpath channelg

Mody|at; ) )

DURATION lation and practica| consideration anad null subcarriers
; *1HOyYR
U{A[)E: 10ge




2. MATLAB FUNDAMENTALS

DUcTION :

F damentals typically refer to a course or material that covers the basics of MATLAB,
un

[NTRO
MATLA B

a high‘level

rogramming language and environment primarily used for numerical computing and
p

s. These fundamentals may include topics like syntax, data types, matrices, plotting,

t anal)’Si i . .
dﬂa' s and basic programming concepts tailored to MATLAB's unique features and
functions,

applications.

WHAT WE LEARNT

| Basic Syntex and commands
2 Variable and data types

3 Basic operations and functions
4.Control flow statements

5.Amay manipulation and indexing
6. Plotting and visualisation
TBasic dubbing techniques
DURATION: 16.5 hrs

GRADE: 100%

13.  REINFORCEMENT LEARNING ONRAMP

ReinfOr
ement Leapp; .
to j fning Onramp" likely refers to a structured learning path or course designed

i .
Irodyce Individyg|

Cinfy,
B Cement leaming isat . i )
®isiong Ype of machine learning paradigm where an agent learns to make

Y intergcf; A
Cover foy acting with an en

S to the principles and applications of reinforcement learning (RL).

vironment to maximize cumulative rewards. This onramp may

Ndatj
impy "al concept - . . .
Ove PlS such as Markov decision processes, policy evaluation, policy

. ent, y, lue
nelyg > Value Iteratjq . .
Chang_ m Q-leammg, and deep reinforcement learning. Additionally, it might

exel‘cis
€S an 7 . . . . . s .
d projects to help learners gain practical experience in implementing




|gorithms for various tasks such as game playing, robotics, and
agOl’l <

{ lcarn ing

. ~ (M rl
u‘iniﬂf“"
ous SY

' NT ] . .
HAT WE LEAR. corcement learning (RL) concepts, including agents, environments, actions,
n to reinforc

S[CITIS-

| Inroducti®
and rewards: ocesses (MDPs) as a formal framework for modeling RL problems.
K -Sion p - . - . -
2, MarkoV dec! mming methods such as value iteration and policy iteration for solving MDPs.
‘o progra . . .
5, Dynamic PO includi i d SARSA, for learning optimal policies
; luding Q-learning an , for learning op p
RL algorithms, InC
4 Model-fl'ee
girectly fro

5. Deep rein
high-dimensional state and action spaces.
6. Exploration-exploitation trade-offs and techniques for balancing exploration and exploitation

m experience. . -
forcement learning techniques, which combine deep learning with RL for handling

in RL agents.
7. Function approximation methods for scaling RL algorithms to large state and action spaces.

8. Practical implementation of RL algorithms using libraries like TensorFlow, PyTorch, or RLlib.
9. Applications of reinforcement learning in various domains, such as robotics, game playing, and

autonomous systems.

DURATION: 2.5hrs
GRADE: 100%
14 COMPUTER VISION ONRAMP
Mputer v
. Sion Onramp" 1:
LS ndiviguy mp” likely refers to a structured learning path or course designed to
. als t,
é”lﬂ(}lal intel“genc :: the fundamentals of computer vision. Computer vision is a field of
nfopy . € that ;
prOrmahon fom 5, a] focuses on enabling machines to interpret and understand visual
Oce reag Wi .
" i orld. This onramp may cover foundational concepts such as image

. Ure extr .
mona“y, it action, object detectio

n, Image classification, and semantic segmentation.

ude b ;
ands-on exercises and projects to help learners gain practical




in implcmenling computer vision algorithms using popular frameworks like OpenCV
nee |

arning libraries such as TensorFlow or PyTorch.
ce

experie

or dCCP I

WHAT
. pundament

WE LEARNT

als of computer vision, including image representation and processing techniques.
Image filtering and feature extraction methods, such as edge detection and corner detection.

2.lma

3. Object detection and recognition algorithms, including template matching and Haar cascades.

4. Image segmentation techniques for identifying and extracting objects from images.

s Feature matching and registration methods for aligning images or detecting objects across
5. F

multiple images.
6. Introduction to deep learning-based approaches for computer vision tasks, such as convolutional

neural networks (CNNs) for image classification and object detection.

7. Practical skills for implementing computer vision algorithms using libraries like OpenCV or

MATLAB's Computer Vision Toolbox

8. Hands-on projects and exercises to reinforce learning and apply computer vision techniques to
real-world problems.

DURATION: 2hrs

GRADE:100%

15. DEEP LEARNING ONRAMP

INTRODUCTION:
‘Deep Leaming Onramp" likely refers to a structured learning path or course designed to
introduce individuals to the principles and applications of deep learning. Deep learning is a subset
of machine learning that utilizes neural networks with multiple layers to learn intricate patterns
?nd re.preseﬂtations from data. This onramp may cover foundational concepts of deep learning,
;g:::;"gr:z:l network architecture, optimization techniques, convolutional neural networks
TensOrFIOW N ;nt neural networks (RNNs), and popular deep learning frameworks such as
YTorch. Additionally, it might include hands-on exercises and projects to help

eamersg "
aINn practi . I . . ~ .
Practical experience in implementing deep learning models for various tasks such as

image ¢|aqqi
assificati
Cation, natural language processing, and more.




WHAT WE LEARNT

| introduction 10 deep learning concepts, including neural networks, layers, and activation

functions.
, Building and training simple neural networks using frameworks like TensorFlow or PyTorch.
1 Convolutional Neural Networks (CNNs) for image recognition and classification tasks.

4. Recurrent Neural Networks (RNNs) for sequence modeling and prediction.

5 Transfer learning techniques for leveraging pre-trained models on new tasks.

6. Optimization algorithms and techniques for training deep leaming models efficiently.

7. Model evaluation and deployment considerations. 8. Hands-on experience with practical
projects and exercises to reinforce learning.

DURATION: 2hrs
GRADE: 100%

16 OBJECT ORIENTATED PROGRAMMING ONRAMP

INTRODUCTION:

"Object-Oriented Programming Onramp" likely refers to a learning path or course designed to
introduce individuals to the fundamentals of object-oriented programming (OOP). In OOP.
programs are organized around objects, which are instances of classes that encapsulate data and
behavior. It's a popular programming paradigm used in many languages like Java, C++. and
Python.

WHAT WE LEARNT

I Introduction of OOP

2. Classes and object

3.Inheritance

4. Polymomhism

5. Encapsulagion

6. Abstraction

7. Met .
hod overriding and overloading




tl“"?i': T R RS UTS L Re 'nalga‘
L

g [nterfaces and abstract classes
o.

9. Design principles

10 Practical examples and exercises

DURATION: 2hrs
GRADE: 100%

17. MACHINE LEARNING ONRAMP

INTRODUCTION:
"MACHINE LEARNING ONRAMP" likely refers to a structured learning path or course designed

to provide an introduction to machine learning concepts and techniques. This onramp could cover
foundational topics such as supervised learning, unsupervised learning, regression, classification,
clustering, and evaluation methods. It might also include hands-on exercises or projects to help

learners gain practical experience in applying machine learning algorithms to real-world problems.

WHAT WE LEARNT

1. Introduction machine learning concepts and terminology

2.Data preprocessing techniques such as cleaning normalisation and features scaling

3. Supervised learning algorithms including linear regression, logistic regression, decision tree and
k nearest neighbour

4. Evaluation metrics for assessing model performance

5.0ver fitting, under fitting and techniques for model validation and selection

DURATION: 2hrs

GRADE: 100%

19. MATLAB ONRAMP

INTRODUCTION:
MATLAB Onramp is a free, interactive tutorial that helps beginners learn MATLAB, a high-level

Programming language and environment used in technical computing and data visualization. It




s of MATLAB syntax, programming, and problem-solving techniques. It's a great

anyone new to MATLAB.

covers the basic

starting point for
WHAT WE LEARNT

[. Introduction to Matlab

2 Basic operations

3. Vectors and matrices

4.Plotting and visualisation

5.Programming concepts

6. Advanced data types

7.File /O

8.Symbolic mathematics

9. Applications
DURATION: 2hrs
GRADE: 100%
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kaggle

Sivasankari P.S

Python

S A oL

The Python course on Kaggle provides a comprehensive learning experience focused

on Python programming for data science through hands-on projects.

Key Features:

* Comprehensive coverage of Python fundamentals and data science libraries.
* Practical projects that reinforce learning and enhance skill application.

* Interactive exercises that promote active learning and engagement.

* Real-world datasets that simulate authentic data science scenarios.

* Expert guidance and support from experienced instructors.

Benefits:

Acquire foundational Python skills essential for data science.

De"e'OP proficiency in data manipulation, visualization, and analysis. ‘
Gain practical eéxperience in building machine learning models.
Enhance problem-solving and critical-thinking abilities.

Pre
Pare for g Successful career in data science.
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Supe ruised Machine Learning: Regprescion and

Clansificanion
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Supervised machine learning algorithms, including regression and classification, are
essential tools in data science for making predictions and solving complex problems.

Understanding these algorithms is crucial for developing effective data-driven solutions.

Key Concepts:

» Training Data: Supervised learning algorithms require labeled training data,
where each data point is associated with a known outcome.

* Model Training: The algorithm learns the underlying patterns in the training data
to make predictions on new, unseen data.

* Evaluation: The performance of the model is evaluated using metrics such as
accuracy, precision, recall, and F1-score for classification, and metrics like mean

Squared error (MSE) or R-squared for regression.




PRASSERE

Applications:

Regression: Predicting sales revenue, forecasting stock prices, and estimating
v energy

consumption.

Classification: Spam detection, sentiment analysis, and medical diagnosi
‘ is.




